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Abstract 26 
27 
Plastic debris is recognized as a widespread, common and problematic environmental pollutant. 28 
An important consequence of this pollution is the ingestion of plastic debris by wildlife.  Assessing 29 
the degree to which different species ingest plastics, and the potential effects of these plastics on 30 
their health are important research needs for understanding the impacts of plastic pollution. We 31 
examined debris (plastic and other types) ingestion in three sympatric overwintering gull species 32 
(Herring gulls Larus smithsonianus, Great Black-backed Gulls Larus marinus, and Iceland Gulls 33 
Larus glaucoides) to understand how debris ingestion differs among species, age classes and 34 
sexes in gulls. We also assessed how plastic burdens were associated with body condition to 35 
investigate how gulls may be affected by debris ingestion.  There were no differences among the 36 
species, age classes or sexes in the incidence of debris ingestion (plastic or otherwise), the mass 37 
or number of debris pieces ingested. We found no correlation between ingested plastics burdens 38 
and individual condition. Gulls ingested plastic debris, but also showed high levels of other debris 39 
types as well, including metal, glass and building materials, including a metal piece of debris found 40 
within an abscess in the stomach. Thus, when the health effects of debris ingestion on gulls, and 41 
other species that ingest debris, is of interest, either from a physical or chemical perspective, it 42 
may be necessary to consider all debris types and not just plastic burdens as is often currently 43 
done for seabirds. 44 
45 
46 
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48 
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Introduction 50 
Plastic pollution is recognized as a major global environmental pollutant (UNEP 2011; 51 
Ryan 2015). Plastics (synthetic organic polymers) have been released at increasing levels into 52 
the environment over the last century, and can persist for long periods in the environment 53 
(Rochman et al. 2013; Wang et al. 2016). Given the large amounts of plastic in the aquatic 54 
environment, and their unknown rate of decomposition, aquatic species are increasingly exposed 55 
to plastics and are vulnerable to the adverse impacts of plastic ingestion in many regions (Kühn 56 
et al. 2015; Wilcox et al. 2015). 57 
In the North Sea region, seabirds have been used to monitor plastic pollution and trends 58 
in plastic debris since the 1980s (van Franeker et al., 2011). Since that time, other regions have 59 
adopted the protocols and methods used in the North Sea to allow for larger scale analysis of 60 
plastic ingestion in seabirds (Provencher et al. 2017). To date many seabird species have been 61 
found to accumulate ingested plastics including user plastics such as plastic sheets, rope, twine, 62 
and industrial plastics (Kühn et al., 2015; Wilcox et al., 2015), with levels of ingested debris varying 63 
among species with different foraging modes (Moser and Lee 1992; Robards et al. 1995; Avery-64 
Gomm et al. 2013). 65 
Plastic ingestion by seabirds can lead to several negative side effects. Ingested plastics 66 
can obstruct the passage of food, or cause stomach ulcers (Ryan 1988; Kühn et al. 2015). Other 67 
negative effects include bioaccumulation of toxins, and decreased body condition (Tanaka et al. 68 
2013; Lavers et al. 2014; Kühn et al. 2015). Thus, studies of plastic ingestion in seabirds focus 69 
both on monitoring the prevalence of ingestion and on assessing individuals for potential negative 70 
health effects. 71 
To date most studies examining plastic ingestion in birds have focused on marine species 72 
as indicators of marine plastic pollution (Provencher et al. 2015). While a small number of studies 73 
report plastic and debris ingestion in aquatic bird species that feed in non-marine habitats, such 74 
as gulls, this area of research is still limited (Henry et al. 2011; English et al. 2015; Holland et al. 75 
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2016; Bond 2016). Few studies report debris ingestion for species that take advantage of open 76 
garbage disposal sites near urban areas in addition to natural feeding areas, such as gulls (Weiser 77 
and Powell 2011; Bond 2016). Proximity to urban areas and waste treatment sites may have a 78 
large influence on the level of debris ingestion in a number of bird species, and it is important to 79 
consider when researching and monitoring plastic pollution and its effects. 80 
Research examining patterns of debris ingestion in seabirds has reported differences 81 
among age groups and between  sexes, but results have not been consistent among studies, and 82 
very limited within single species or even families (Provencher et al. 2017).  In some studies 83 
juvenile birds had higher levels of ingested plastics (Harris and Wanless 1994; Acampora et al. 84 
2014), while other studies indicated that adult birds had higher levels (Spear et al. 1995), or that 85 
there was no difference between age classes (Fijn et al., 2012; Harper and Fowler, 1987; Holland, 86 
2017). Similarly, some studies have found differences in plastic ingestion between sexes 87 
(Jimenez et al. 2015), while other studies report no differences (Vlietstra and Parga 2002; 88 
Rodriguez et al. 2012; Trevail et al. 2015). Such biases in plastic ingestion and accumulated 89 
burdens are important to understand in species that are being used for environmental monitoring, 90 
but can be difficult to study given the number of factors that may influence plastic ingestion. 91 
Additionally, studies have provided mixed results on the influence of plastic and debris 92 
loads on overall condition of birds. Some analyses have found no significant relationship between 93 
debris load and condition (Codina-García et al. 2013; Acampora et al. 2014; Holland 2017; Poon 94 
et al. 2017), or body mass (Vlietstra and Parga 2002; Verlis et al. 2013; Cousin et al. 2015), while 95 
others have found significant negative correlations between ingested debris and condition (Lavers 96 
et al. 2014), body mass (Harper and Fowler 1987; Spear et al. 1995) or even pectoral muscle 97 
mass (Donnelly-Greenan et al. 2014). 98 
99 
In the North Sea where Northern Fulmars (Fulmarus glacialis) are used as indicators of 100 
marine plastic debris an Ecological Quality Objective (EcoQO) as part of the policy framework 101 
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5 
(van Franeker et al. 2011). The aim is to have 10% or less of the individual Northern Fulmars 102 
examined as a part of the monitoring program to have >0.1grams of ingested plastics (van 103 
Franeker et al. 2011). Ultimately, the EcoQO is not set on any biological findings, but it is a 104 
commonly used framework to examine ingestion levels in other species where no policy or 105 
monitoring goals exist (Provencher et al. 2017). Importantly, it only takes into account plastics, 106 
and does not consider any other debris types. This may be important to consider if we are applying 107 
similar frameworks to seabird species that may be exposed to different types of debris in their 108 
coastal habitats as compared with Northern Fulmars. 109 
In this study, we make inferences about inter- and intraspecific patterns of debris ingestion 110 
using gulls killed as part of a bird management program at a regional landfill in St. John's, 111 
Newfoundland, Canada. Additionally, we relate plastic and debris burdens to commonly used 112 
body condition indices. Gulls that forage at landfills are exposed to high levels of plastic and other 113 
types of debris, and thus patterns of debris ingestion may elucidate inherent differences in debris 114 
ingestion between species, sexes and age classes. We compare levels of debris accumulation in 115 
three species: Herring Gulls (HERG; Larus smithsonianus), Great Black-backed Gulls (GBBG; 116 
Larus marinus) and Iceland Gulls (ICGU; Larus glaucoides), and relate the levels to species, age 117 
class, sex, body size and body condition. All three species are generalist predators that feed in 118 
the marine environment, in addition to being opportunistic scavengers on human refuse (Good 119 
1998; Snell 2002; Nisbet et al. 2017). 120 
While gulls (Family Laridae) are diverse and common seabirds, there has been relatively 121 
little study of plastic ingestion in this abundant group (Wilcox et al. 2015Table 1). Most studies 122 
simply report plastic ingestion burdens as baseline values, or in relation to dietary items 123 
(Provencher et al. 2017). Plastic and debris burdens can also vary between species and location 124 
from 0 to 79% frequency of occurrence (FO; Table 1).  In addition to a variety of plastic debris, 125 
studies also report ingestion of a variety of non-plastic debris such as glass, metal, and paper in 126 
bolus examinations (Lenzi et al. 2016). Other gull studies report ingestion of debris but do not 127 
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categorize the debris into plastic or non-plastic categories (Bond 2016; Roman et al. 2016). 128 
Several studies have found differences in debris ingestion among gull species (Moser and Lee 129 
1992; Codina-García et al. 2013); however, most gull studies do not examine or report plastic 130 
ingestion for differences across age classes or sex.  131 
The goal of the study was to examine patterns of plastic or other debris ingestion in gull 132 
species in an urban landfill landscape. Based on previous studies we made four broad predictions. 133 
First, we predicted that the incidence of ingested debris (both plastics and non-plastic), would be 134 
similar across the three species as all samples were collected at a single site (a municipal landfill) 135 
based on their similar foraging types. Second, we expected plastic and non-plastic debris burdens 136 
would be higher in males as compared to females in HERG and GBBG (where sample sizes 137 
allowed comparisons) as this pattern has been found in other seabirds, although little tested in 138 
gulls (Jimenez et al. 2015). Third, we expected ingested debris (both plastics and non-plastic 139 
debris) burdens would be higher in juvenile as compared to adult birds in HERG (where sample 140 
sizes allowed comparisons), as this pattern has been found in a number of other species (although 141 
not gulls specifically) (Harris & Wanless 1994). Last, we predicted that gulls with higher masses 142 
of debris burdens would have lower body condition indices, consistent with previous studies for 143 
shearwaters (Lavers et al. 2014). 144 
Methods 145 
Fort-one HERGs (n=31), GBBGs (n=8), and ICGUs (n=2) were collected from the Robin 146 
Hood Bay Waste Management Facility, located near St. John's, Newfoundland, Canada (47°N, 147 
52°W) as part of a permitted gull management program conducted by the City of St. John’s 148 
between August 2014 and August 2015. All but five HERG were collected between Nov 2014 and 149 
January 2015. All of the gulls were shot using a shotgun (Permit #BD4241), frozen immediately 150 
and later shipped to the necropsy laboratory of the Atlantic Veterinary College, University of 151 
Prince Edward Island (UPEI). All birds were weighed, measured, and necropsied by wildlife 152 
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pathologists at the UPEI. Sex was determined by internal examination of gonads. The age of 153 
individual birds was determined by external (moult type) and internal (gonad, bursa of fabricius) 154 
characteristics. The entire stomach (proventriculus and gizzard) of each bird was carefully 155 
opened. The inner surface of the stomach was washed carefully over a 1mm sieve to collect all 156 
other visible debris, and the remaining residues were backed-washed into a vial for further 157 
examination. After sorting, all items from the birds were dried and weighed using a Denver 158 
Instrument SI-234 analytical scale (± 0.0001 g). The debris was packaged in vials and sent to 159 
National Wildlife Research Centre (NWRC) for further analysis. 160 
Using a binocular microscope, the stomach contents were examined, and identified debris 161 
were categorized. This was done using standardized protocols (Van Franeker and Meijboom 162 
2006; Provencher et al. 2017). Plastic debris was categorized as industrial and user plastics (van 163 
Franeker et al. 2005). Industrial debris is bulk, pre-production plastics resembling pellets. User 164 
plastics include all other material and are broken down pieces of consumer, commercial or 165 
industrial goods that are classified based on the type of plastic items (fragment, foam, fiber and 166 
sheet (e.g. plastic bags)) (van Franeker et al. 2011). We also classified non-plastic anthropogenic 167 
debris including glass, metal, rubber, wax, paper products (including cardboard and wax paper), 168 
fabric (woven material of unknown origin) and building material (processed wood, drywall and 169 
chipboard). Therefore, we use plastics to refer to all debris made from plastic, and non-plastic to 170 
refer to debris made from other material including glass, metal and other materials. 171 
Each debris piece was measured along its length and width using calipers (± 0.01 mm). 172 
Size classes of the debris were divided into macro- (>20–100 mm), meso- (>5–20 mm) or micro-173 
debris (1–5 mm; Barnes et al. 2009) to compare between size classes of debris ingested by gulls. 174 
The dominant color of each debris piece was determined visually using a colour wheel (Verlis et 175 
al. 2013), and then using eight basic colour categories (Provencher et al. 2017). 176 
All data are presented following the recommendations of Provencher et al (2017). Thus, 177 
we present the FO for plastic ingestion with 95% confidence intervals using the Jeffrey interval. 178 
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We also present the mean, median, standard error and range for both the mass and number of 179 
debris pieces. We report FO, mass and number of pieces for all debris categories found, but for 180 
statistical comparisons we grouped items into plastic, non-plastic and all debris (both plastic and 181 
non-plastic) classes.  182 
For all statistical comparisons, we used a general linear model approach(GLM), 183 
implemented with the R statistical package (R Development Core Team 2017). Comparisons in 184 
FO, number of items and mass of debris were made between species, between sexes and 185 
between age groups (HERG and GBBG).The Iceland Gull was not used for these analysis due to 186 
small sample size. To compare the FO of plastic, non-plastic and all debris items we used a 187 
Generalized Linear Model (GzLM) using a binomial distribution with a logit link function for each 188 
response variable within separate models for each metric. To compare the mean number of debris 189 
pieces and mean mass between sexes and between age groups we used GzLMs with a quasi-190 
poisson distribution with a log link function as both the count and mass data were over-dispersed. 191 
To examine if body condition varied significantly with accumulated debris burden we used a GLM 192 
to examine the mass of all ingested debris with body condition index. We determined the body 193 
condition of individual birds by dividing body mass (kg) by total head length (mm; Steigerwald et 194 
al. 2015). 195 
For Northern Fulmars (Fulmarus glacialis) in the North Sea, an “Ecological Quality 196 
Objective” (EcoQO) has been established (van Franeker et a. 2011), suggesting that accumulated 197 
debris should remain below 0.1g of debris per 750g of body weight (0.013%).  To examine if a 198 
modified (EcoQO) may  be useful in gull studies, we used published body mass values for each 199 
species and took the average of male and female masses when both were available (HERG 200 
(1085g), GBBG (1659g), and ICGU (946g) (Good 1998; Snell 2002; Nisbet et al. 2017). We then 201 
calculated the relative EcoQO for each species using the mass of debris obtained here divided 202 
by the typical body masses reported above. This was done with only plastic debris and non-plastic 203 
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to debris to compare the potential for the EcoQO to indicate debris ingestion in this species 204 
relative to other studies. 205 
Results 206 
A total of 41 birds were examined from the three different species: eight GBBG, 31 HERG, 207 
and two ICGU (Table 2). Males, females, adults and juveniles were examined for HERG and 208 
GBBG.  (Table 2). Most birds had no lesions identified at necropsy.  Five birds had mild lesions 209 
in the gizzard’s inner lining, one of which was associated with the presence of fungi on 210 
microscopic examination.  One bird showed lesions compatible with proventricular parasitism. 211 
Four of these five birds were in good body condition. Four of them had an empty stomach; one of 212 
the two remaining birds did have human-derived debris. Additionally, one bird had a well-213 
encapsulated intracoelomic foreign-body (possibly a corroded needle) abscess adjacent to its 214 
stomach but was otherwise in good body condition. 215 
The FO of accumulated debris was 77% for HERG, 75% for GBBG, and 100% for ICGU 216 
(Table 2). While both GBBG and ICGU had higher FO for plastic items (GBBG plastic FO – 61%, 217 
non-plastic FO – 38%; ICGU plastic FO – 100%, non-plastic FO – 50%), HERG had a higher FO 218 
for non-plastic items (HERG plastic FO – 61%, non-plastic FO – 64%). There was no significant 219 
interspecific difference detected in the FO of all ingested debris (GzLM, p > 0.05), ingested plastic 220 
debris (GzLM, p > 0.05) or ingested non-plastic debris (GzLM, p > 0.05) in the HERG or the GBBG 221 
(the two species with sample sizes large enough to analyze). 222 
We observed 284 pieces of debris among the three gull species, which included only a 223 
single industrial pellet. Most of the debris in the gull stomachs were foam (27%), with sheet (15%), 224 
fragments (14%), paper products (13%), metal (12%), glass (10%) and building materials 225 
(cardboard and drywall; 7%) also commonly found (Figs. 1 and 2; SOM Table A). Overall, 59% of 226 
the debris was plastic, while 41% of the debris was non-plastic. 227 
Mean length and width of debris were 12.0 ± 6.1 mm (range 1.0-81.3 mm) and 6.8 ± 4.0 228 
mm (0.8-9.8 mm), respectively (SOM Table A). Overall, debris was categorized as 18% 229 
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macroplastics, 45% mesoplastics and 37% microplastics. Ingested debris varied in color: blue-230 
purple (1%), black (3%), red-pink (3%), yellow (4%), multi-coloured (has more than one colour in 231 
a single piece; 5%), green (6%), gray-silver (14%), orange-brown (20%), and off white-clear 232 
(45%).  233 
There was variation in the average number of pieces of debris, plastic debris and non-234 
plastic debris between the species (Table 2). However, we found no significant difference in the 235 
average number of pieces per bird between the species for all debris items (GzLM, p > 0.05), all 236 
ingested plastic debris (GzLM, p > 0.05), or for all non-plastic debris (GzLM, p > 0.05). Across 237 
species, mean counts of plastic debris were higher than non-plastic debris. 238 
HERG had the highest mean mass of ingested debris, ingested plastics and ingested non-239 
plastics compared with the other two species (Table 2). No significant difference in the mass of 240 
all debris (GzLM, p > 0.05), mass of all plastics (GzLM, p > 0.05), or the mass of all non-plastics 241 
(GzLM, p > 0.05) between HERG and GBBG was detected.  242 
To examine for potential differences in debris, plastic and non-plastic ingestion between 243 
males and females, and adults and juveniles we grouped the HERG and GBBG as no differences 244 
were detected between these species. However, in all comparisons of debris number, mass or 245 
FO, we detected no differences between sexes and age classes (GzLM; all p > 0.05), all plastics 246 
(GzLM, p > 0.05), or in non-plastic items ingested (GzLM, p > 0.05). We also found no difference 247 
in the mean number of all debris items (GzLM, p > 0.05), plastics (GzLM, p > 0.05), and non-248 
plastics items (GzLM, p > 0.05) ingested between the sexes and age classes. Additionally, we 249 
found no differences in the mass of all debris items (GzLM, p > 0.05), plastics (GzLM, p > 0.05), 250 
or non-plastic items (GzLM, p > 0.05) between the sexes and age classes. Similarly, we found 251 
that the condition of birds did not vary significantly with mass of all debris (GLM p > 0.05), mass 252 
of plastics (GLM p > 0.05), or mass of non-plastic debris (GLM p > 0.05).  253 
Based on the ratio between average body size and 0.1 g of plastic in Northern Fulmars 254 
(Fulmarus glacialis) we determined the similar EcoQO for the gull species examined to be 0.14 g 255 
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for HERG, 0.22 g for GBBG and 0.13 g for ICGU. Based on these equivalencies 12% GBBG, 256 
13% HERG and 50% ICGU exceed the EcoQO for plastic debris. If all anthropogenic debris is 257 
considered then 37% of GBBG, 32% of HERG and 50% of ICGU exceed the EcoQO equivalent. 258 
Discussion 259 
This study aimed to understand inter- and intraspecific patterns of plastic ingestion for 260 
Great Black-backed Gulls (GBBG), Herring Gulls (HERG), and Iceland Gulls (ICGU) collected at 261 
a municipal landfill, where anthropogenic debris is plentiful. As a group, gull species demonstrate 262 
adaptability and flexibility in their diets (Weiser and Powell 2011; Bond 2016), often make use of 263 
anthropogenic food sources, and show varying degrees of individual dietary specialization. While 264 
this may lead to gulls being particularly vulnerable to debris ingestion, overall, there are few 265 
studies focusing on debris ingestion in gulls compared to other avian groups. However, this group 266 
provides an excellent opportunity to examine how debris ingestion in marine birds may differ 267 
among species, sexes and age groups when debris is plentiful in the landscape. 268 
Examination of 41 gulls of three different species did not show an obvious relationship 269 
between the presence of human-derived material in the stomach and lesions in the stomach's 270 
inner lining. Lesions were found in the bird stomachs where plastic and other debris was found, 271 
but lesions involving the gizzard’s inner lining in five birds could have resulted from irritation by 272 
ingested material such as human-derived debris, but also sharp pieces of bones, which in turn 273 
could have predisposed to secondary bacterial or fungal infection.  Conversely, the 274 
proventricular lesion in one bird most likely represented a primary parasitic infection. While we 275 
detected lesions, including some infections, there are limited pathological data from individuals 276 
without access to human-derived debris for comparison. 277 
We found that ≥75% of individuals from all three species had ingested debris, but these 278 
results must be interpreted within context. These debris ingestion levels are expected to be higher 279 
than in the general population as not all gulls forage at a landfill. In general, sample sizes >30 are 280 
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recommended as a minimum requirement when establishing baseline levels of plastic ingestion 281 
(Provencher et al. 2015, 2017). In our case, our estimates are unlikely to reflect the population 282 
level of debris ingestion due to the relatively small sample size. Regardless of the samples size, 283 
based on our results, proximity to urban areas/landfills and foraging range of any species 284 
examined for ingested plastics should be considered. 285 
As we predicted, we observed no difference in debris ingestion among the three gull 286 
species. There was also no significant difference in the mass and count of total debris, plastic, 287 
and non-plastic items between age classes and sexes or with body condition in HERG and GBBG. 288 
This suggests that for gulls, when individuals are in a landscape of unlimited debris, there may be 289 
no inherent differences in how males and females, and birds that are young or adult ingest and 290 
accumulate debris. Thus, any differences in debris ingestion in these species between age 291 
classes and sexes that may be found in individuals that feed in regions not centred around landfills 292 
are not likely inherent to the sexes, or age classes, at least during the non-breeding season when 293 
the majority of these samples were collected. It is also important to recognize that some gulls may 294 
specialise on feeding in urban or landfill environments (Weiser and Powell 2011; Bond 2016). 295 
Therefore, it is important that studies using birds from these regions may also not represent 296 
population levels. 297 
It is important to acknowledge that the precise amount of debris ingestion cannot be 298 
determined from this study, as gulls have the ability to regurgitate indigestible items (Pierotti and 299 
Good 1994; Good 1998; Snell 2002; Nisbet et al. 2017). Hence, what we present is a snapshot 300 
of ingestion at each sampling time, without the dietary history of the gulls collected. Moreover, we 301 
suggest that the plastic metrics for our sample represent competing processes: 1) high rates of 302 
availability and probably ingestion at a site exploited by these birds and with abundant debris 303 
(hence, possibly biased sample); and 2) species that can reduce their debris burden through 304 
regurgitation. The latter point should also influence the interpretation of the lack of relationship 305 
between debris ingestion and the body condition of birds; gulls may be able to eject debris to 306 
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maintain levels below thresholds that influence energy intake and body condition. It should also 307 
be noted that the debris represents the accumulated material from an unknown time period, and 308 
should not be considered representative of dietary selection indices. The debris that is ingested 309 
by birds may be different from what is accumulated, especially if smaller plastics are ingested that 310 
can pass through the pyloric sphincter and be excreted via the cloaca.  It is likely that many more 311 
items were ingested by each gull prior to sampling, but that the pieces were regurgitated in 312 
boluses (Lindborg et al. 2012). The debris that we report here may be either the remaining debris 313 
which could not be regurgitated, or debris that was just recently ingested. Additional, controlled 314 
studies would help elucidate what types of debris may be ingested and regurgitated easily, versus 315 
debris types that are less often regurgitated and thus more prone to accumulation (Provencher et 316 
al. 2017). 317 
We found that while the majority of gulls had ingested plastics, non-plastic debris was also 318 
widely ingested by the gulls examined. Although assessing gulls as monitors of marine plastic 319 
debris in the environment was not one of the a priori aims of this work, we did calculate the EcoQO 320 
equivalent values for the species examined as is often done for species (e.g. Bond et al. 2014). 321 
When the EcoQO was applied to these gull species as has been done with other marine birds 322 
(Bond et al. 2014; Provencher et al. 2017), we found that both GBBG and HERG (the two species 323 
for which sample sizes are >2) had 12% and 13% of the individuals examined over the EcoQO 324 
equivalent as used in fulmars in the North Sea. Importantly, when we considered all debris, GBBG 325 
and HERG had 37% and 32% of the individuals over the EcoQO equivalent for the species. The 326 
EcoQO is targeted towards using Northern Fulmar to monitor trends in marine pelagic plastic 327 
pollution in the North Sea (van Franeker et al. 2011; Provencher et al. 2017). Our findings highlight 328 
that the development of similar metrics that utilize gulls for monitoring trends in marine pollution 329 
need to include all anthropogenic debris, not just plastics. Our results also indicate that gulls, or 330 
other species that scavenge at landfills or in urban environments are not be suitable candidates 331 
for monitoring pelagic plastic debris (Provencher et al. 2015), as is the purpose of the EcoQO in 332 
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14 
the North Sea region. There may be other types of questions relating to debris that gull species 333 
are suitable for monitoring.  However, future studies should consider how exposure and ingestion 334 
of plastics can vary across gulls with different foraging preferences. 335 
Among gulls, garbage consumption has been linked to reduced reproductive success; 336 
HERG specializing on garbage tend to have small clutch sizes and lower hatching success 337 
(Pierotti and Annett 1991; Bond 2016; Bond et al. 2016). Importantly, while this study did not find 338 
any significant relationships between debris ingestion and body condition during the non-breeding 339 
season, this does not preclude other negative impacts from occurring in gulls due to the 340 
consumption of debris. For example, debris ingestion and digestion could allow transfer of 341 
chemical contaminants from debris to birds (Tanaka et al. 2013, 2015). Even though gulls 342 
regurgitate large quantities of the debris ingested, depending on the characteristics of the release 343 
of chemicals from polymer types in avian stomachs, these gulls may be exposed to high levels of 344 
chemical contaminants if the leaching of contaminants happens quickly after ingestion. In turn, 345 
these chemicals may have sublethal effects on physiology and behaviour (e.g. Henriksen et al., 346 
2000; Sagerup et al., 2009). 347 
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FIGURES 
Figure 1. Proportion of debris types found ingested by three gull species H
erring G
ulls (H
ER
G
; Larus sm
ithsonianus), G
reat Black-
backed G
ulls (G
BBG
; Larus m
arinus), and Iceland G
ulls (IC
G
U
; Larus glaucoides), near S
t. John’s N
ew
foundland. D
ebris types are 
divided into plastic (black bars) and non-plastic debris (blue bars) categories.  
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 Figure 2. Accum
ulated debris from
 a H
erring G
ull (Larus sm
ithsonianus; A) and G
reat Black-backed G
ull (Larus m
arinus; B) collected 
from
 a landfill site in N
ew
foundland, C
anada displayed on a 1cm
 x 1cm
 grid.  
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TABLES 
Table 1: Sum
m
ary of ingested plastic studies reporting values at least one m
etric for gulls. FO
 – frequency of occurrence of ingested plastic debris. 
Study 
Location 
Species 
M
ethods 
N
  
FO
 (%
) 
M
ean num
ber 
of debris pieces 
M
ean m
ass of 
debris (g) 
W
itteveen et al. 
2017 
South Africa 
Kelp Gull 
Larus dom
inicanus 
Bolus 
630 
nests 
4-67%
0.1 – 3.4 
0.1-1.5 
Lenzi et al. 2016 
U
ruguay 
Kelp Gull 
Larus dom
inicanus 
Bolus 
806 
18 
1.41 
0.65 
Rom
an et al. 2016 
Australia 
Silver Gull 
Chroicocephalus 
novaehollandiae 
N
ecropsy 
12 
8 
na 
na 
Bond 2016 
Eastern 
Canada 
Herring Gull  
Larus sm
ithsonianus 
Bolus 
292 
42 
0.42 
na 
Furtado et al. 2016 
Portugal 
Yellow
-legged Gull 
Larus m
ichahellis 
Bolus 
263 
79 
4.23 
18.75 
Alonso et al. 2015 
Portugal 
Yellow
-legged Gull 
Larus m
ichahellis 
Bolus 
1668 
49 
na 
na 
Davis et al. 2015 
W
estern 
Canada 
Glaucous-w
inged Gull 
Larus glaucescens 
Bolus 
923 
0.7-69.3 
na 
na 
Ronconi et al. 2014 
Eastern
Canada 
Herring Gull  
Larus sm
ithsonianus 
Bolus 
1691 
1 
na 
na 
Great Black-backed Gull  
Larus m
arinus 
Bolus 
1129 
2 
na 
na 
Codina-Garcia et al. 
2013 
W
estern 
M
editerranea
n Sea 
Audouin's Gull 
Larus audouinii 
N
ecropsy 
15 
13 
49.3 
113.6 
Yellow
-legged Gull 
Larus m
ichahellis 
N
ecropsy 
12 
33 
2.7 
4.3 
M
editerranean Gull 
Larus m
elanocephalus 
N
ecropsy 
4 
25 
15 
50.6 
Avery-Gom
m
 et al. 
2013 
Eastern N
orth 
Pacific 
Glaucous-w
inged Gull 
Larus glaucescens 
N
ecropsy 
3 
33 
0.33 
0.0173 
Hong et al. 2013 
Korea 
Black-tailed Gull  
Larus crassirostris 
N
ecropsy 
19 
42 
na 
na 
Table
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Lindborg et al. 
2012 
W
estern U
SA 
Glaucous-w
inged Gull 
Larus glaucescens 
Bolus 
580 
12 
0.12 
1.4 
Gilliand et al. 2004 
N
ew
 
Brunsw
ick 
Great Black-backed Gull  
Larus m
arinus 
Bolus 
199 
Relatively 
high 
na 
na 
M
oser and Lee 
1995 
Eastern U
SA 
Bonaparte's Gull 
Chroicocephalus philadelphia 
N
ecropsy 
32 
18 
3 
0.25 
Great Black-backed Gull  
Larus m
arinus 
N
ecropsy 
1 
0 
0 
0 
Herring Gull  
Larus sm
ithsonianus 
N
ecropsy 
2 
0 
0 
0 
Laughing Gull 
Leucophaeus atricilla 
N
ecropsy 
14 
14 
2 
0.28 
Ring-billed Gull 
Larus delaw
arensis 
N
ecropsy 
2 
0 
0 
0 
Sabine's Gull  
Xem
a sabini 
N
ecropsy &
 
Bolus 
1 
1 
na 
na 
Robards et al. 1995 
Alaska 
M
ew
 Gull  
Larus canus 
N
ecropsy 
14 
25 
na 
na 
Glaucous Gull  
Larus hyperboreus 
N
ecropsy 
33 
3 
na 
na 
Glaucous-w
inged Gull 
Larus glaucescens 
N
ecropsy 
84 
0 
na 
na 
Coulson and 
Coulson 1993 
Tasm
ania 
Pacific Gull  
Larus pacificus 
Bolus 
43 
2 
na 
na 
Kelp Gull 
Larus dom
inicanus 
Bolus 
44 
55 
na 
na 
Ryan 1987 
South Africa 
Kelp Gull 
Larus dom
inicanus 
N
ecropsy &
 
Bolus 
52 
12 
na 
na 
Hartlaubs Gull  
Larus hartlaubii 
N
ecropsy &
 
Bolus 
13 
0 
na 
na 
Sabine’s Gull  
Xem
a sabini 
N
ecropsy &
 
Bolus 
4 
0 
na 
na 
Baltz &
 M
orejohn 
1976 
California 
Glaucous-w
inged Gull  
Larus glaucescens 
N
ecropsy 
8 
0 
na 
na 
Heerm
ann’s Gull  
Larus heerm
anni 
N
ecropsy 
15 
7 
na 
na 
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65 
M
ew
 Gull  
Larus canus 
N
ecropsy 
4 
0 
na 
na 
Threlfall 1968 
N
ew
foundland 
Herring Gull  
Larus sm
ithsonianus 
N
ecropsy &
 
Bolus 
401 
14 
na 
na 
Great Black-backed Gull  
Larus m
arinus 
N
ecropsy &
 
Bolus 
32 
17 
na 
na 
 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
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49 
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64 
65 
Table 2. Ingestion of plastic and other debris item
s by Herring Gulls (Larus sm
ithsonianus), Great Black-backed Gulls (Larus m
arinus), and Iceland Gulls (Larus glaucoides) near St. 
John’s New
foundland.  
   
  
  
 
 
All debris 
 
All plastics 
 
All non-plastics 
  
  
  
N
 
 
FO
 (95%
CI) 
M
ean 
num
ber 
(SD) 
M
edian 
num
ber and 
range 
M
ean 
m
ass 
(SD) 
M
edian 
m
ass and 
range 
 
FO
 (95%
CI) 
M
ean 
num
ber 
(SD) 
M
edian 
num
ber 
and 
range 
M
ean 
m
ass (SD) 
M
edian 
m
ass and 
range 
 
FO
 
(95%
CI
) 
M
ea
n 
num
ber 
(SD) 
M
edian 
num
ber 
and 
range 
M
ean 
m
ass 
(SD) 
M
edia
n m
ass 
and 
range 
HERG 
  
31 
 
77 (60-89) 
7.9 (10.4) 
4 (0-48) 
0.7 (1.9) 
0.06 (0-9.7) 
 
61 (44-76) 
4.6 (6.0) 
2 (0-19) 
0.1 (0-
0.4) 
0.02 (0-
1.8) 
 
64 (47-
79) 
3.3 
(6.2) 
1(0-32) 
0.6 
(1.7) 
0.03 
(0-7.9) 
  
fem
ale 
17 
 
76 (53-91) 
7.7 (12.5) 
3 (0-48) 
0.9 (2.0) 
0.2 (0-9.7) 
 
47 (25-70) 
4.1 (6.4) 
0 (0-19) 
0.2 (0.4) 
0.07 (0-
1.8) 
 
71 (47-
88) 
3.6 
(7.8) 
1 (0-32) 
0.7 
(1.7) 
0.08 
(0-7.9) 
  
  
adult 
17 
 
76 (53-91) 
7.7 (12.5) 
3 (0-48) 
0.9 (2.0) 
0.2 (0-9.7) 
 
47 (25-70) 
4.1 (6.4) 
0 (0-19) 
0.2 (0.4) 
0.07 (0-
1.8) 
 
71 (47-
88) 
3.6 
(7.8) 
1 (0-32) 
0.7 
(1.7) 
0.08 
(0-7.9) 
  
  
juvenile 
0 
 
na 
na 
na 
na 
na 
 
na 
na 
na 
na 
na 
 
na 
na 
na 
na 
na 
  
m
ale 
14 
 
79 (53-94) 
8.1 (7.5) 
6 (0-23) 
0.3 (0.5) 
0.09 (0-1.2) 
 
57 (32-80) 
5.2 (5.5) 
4 (0-17) 
0.07(0.01) 
0.04 (0-
0.6) 
 
57 (32-
80) 
2.9 
(3.5) 
1.5 (0-
10) 
0.3 
(0.5) 
0.02 
(0-1.1) 
  
  
adult 
10 
 
80 (50-96) 
6.6 (6.5) 
5 (0-17) 
0.4 (0.5) 
0.08 (0-1.2) 
 
80 (50-96) 
4.2 (4.9) 
2.5 (0-
17) 
0.09 (0.2) 
0.03 (0-
0.6) 
 
50 (22-
78) 
2.4 
(3.6) 
0.5 (0-
10) 
0.3 
(0.5) 
0.001 
(0-1.1) 
  
  
juvenile 
4 
 
75 (28-97) 
12 (9.5) 
7.9 (0-23) 
0.1 (0.1) 
0.1 (0-0.23) 
 
75 (28-97) 
7.7 (7.0) 
4.6 (0-
17) 
0.03 
(0.03) 
0.03 (0-
0.06) 
 
75 (28-
97) 
4.2 
(3.1) 
3.3 (0-
7) 
0.07 
(0.09) 
0.05 
(0-0.2) 
  
  
  
  
 
  
  
  
  
  
 
  
  
  
  
  
 
  
  
  
  
  
GBBG 
  
8 
 
75 (41-94) 
3.5 (3.8) 
1.5 (0-9) 
0.2 (0.5) 
0.03 (0-1.0) 
 
63 (30-88) 
1.7 (2.2) 
1 (0-6) 
0.1 (0.23) 
0.01 (0-
0.7) 
 
38 (12-
70) 
1.8 
(2.9) 
0 (0-8) 
0.1 
(0.2) 
0 (0-
0.4) 
  
fem
ale 
4 
 
75 (28-97) 
4.8 (4.4) 
5 (0-9) 
0.2 (0.5) 
0.02 (0-1.4) 
 
50 (12-88) 
2.0 (2.8) 
0.02(0-
1.4) 
0.2 (0.5) 
0.01 (0-
1.4) 
 
50 (12-
88) 
2.8 
(3.8) 
1.5 (0-
8) 
0.01 
(0.01) 
0 (0-
0.03) 
  
  
adult 
4 
 
75 (28-97) 
4.8 (4.4) 
5 (0-9) 
0.2 (0.5) 
0.02 (0-1.4) 
 
50 (12-88) 
2.0 (2.8) 
0.02(0-
1.4) 
0.2 (0.5) 
0.01 (0-
1.4) 
 
50 (12-
88) 
2.8 
(3.8) 
1.5 (0-
8) 
0.01 
(0.01) 
0 (0-
0.03) 
  
  
juvenile 
0 
 
na 
na 
na 
na 
na 
 
na 
na 
na 
na 
na 
 
na 
na 
na 
na 
na 
  
m
ale 
4 
 
75 (28-97) 
2.2 (3.2) 
1 (0-7) 
0.05 
(0.08) 
0.02 (0-0.2) 
 
75 (28-97) 
1.5 (1.7) 
1 (0-4) 
0.02 
(0.02) 
0.02 (0-
0.03 
 
25 (3-
72) 
0.75 
(1.5) 
0 (0-3) 
0.03 
(0.07) 
0 (0-
0.1) 
  
  
adult 
3 
 
67 (18-96) 
0.7 (0.6) 
1 (0-1) 
0.1 
(0.01) 
0.001 (0-
0.03) 
 
67 (18-96) 
0.7 (0.6) 
1 (0-1) 
0.01 
(0.01) 
0.006 (0-
0.03) 
 
0 
0 
na 
0 
na 
  
  
juvenile 
1 
 
100 (15-100) 
7 
na 
0.2 
na 
 
100 (15-
100) 
4 
na 
0.03 
na 
 
100 
(15-
100) 
3 
na 
0.1 
na 
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ICGU
 
2 
100 (33-100) 
5.5 (3.5) 
na (3-8) 
0.1 
(0.09) 
na (0.07-
0.2) 
100 (33-
100)
5.5 (3.5) 
na (3-8 
4.5 (2.1) 
na (0.07-
0.2) 
50 (6-
94) 
1 
(1.4) 
na (0-2) 
0.01 
(0.03) 
na (0-
0.04) 
unknow
n 
1 
100 (15-100) 
8 
na 
0.2 
na 
100 (15-
100)
6 
na 
0.2 
na 
100 
(15-
100)
2 
na 
0.04 
na 
juvenile 
1 
100 (15-100) 
8 
na 
0.2 
na 
100 (15-
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6 
na 
0.2 
na 
100 
(15-
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2 
na 
0.04 
na 
fem
ale 
0 
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0.07 
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SU
PPLEM
EN
TAL O
N
LIN
E M
ATERIAL 
Table A. Detailed ingested debris m
etrics found in three gull species (Herring Gulls (Larus sm
ithsonianus), Great Black-backed Gulls 
(Larus m
arinus), and Iceland Gulls (Larus glaucoides)) collected from
 a landfill site near St. John’s New
foundland, Canada.  
Type 
N
 
M
ass (g) 
Length (m
m
) 
W
idth (m
m
) 
M
in 
M
ax 
M
edian 
M
ean r
SD
 
M
in 
M
ax 
M
edian 
M
ean r SD 
M
in 
M
ax 
M
edia
n 
M
ean r SD 
Plastics 
166 
>0.0001 
0.85
0.006 
0.033 ± 
0.11 
1.71 
67.2 
5.62 
10.47 ± 
11.62 
0.66 
28.8 
3.04 
5.33 ± 5.43 
Industrial 
1 
0.027 
N
a 
na 
na 
3.19 
na 
na 
na 
3.19 
na 
na 
na 
Fragm
ent 
41 
>0.0001 
0.60
0.009 
0.038 ± 
0.11 
1.74 
27.9 
6.10 
7.87 ± 5.71 
0.66 
12.7 
2.86 
3.71 ±2.55 
Foam
 
76 
>0.0001 
0.06
0.004 
0.007 ± 
0.009 
1.71 
24.8 
3.47 
4.63 ± 3.51 
1.2 
12.8 
2.71 
3.25 ± 1.88 
Sheet 
43 
>0.0001 
0.48
0.008 
0.027 ± 
0.074 
4.49 
67.2 
18.1 
20.2 ± 13.5 
2.05 
26.5 
7.52 
9.56 ± 6.51 
Fiber 
2 
0.540 
0.85 
0.696 
0.696 ± 
0.220 
47.3 
81.3 
64.3 
64.3 ± 24.0 
12.7 
39.7 
26.2 
26.2 ± 19.11 
Rubber 
3 
0.097 
0.41 
0.351 
0.287 ± 
0.167 
43.1 
54.4 
50.8 
49.4 ± 5.77 
1.85 
28.8 
28.0 
19.5 ± 15.3 
N
on-plastic 
118 
>0.0001 
4.52
0.019 
0.160 ± 
0.485 
0.98 
67.3 
7.62 
13.1 ± 12.0 
0.73 
65.5 
4.77 
8.51 ± 9.10 
Paper 
37 
0.004 
1.29 
0.056 
0.202 ± 
0.330 
3.73 
55.9 
22.0 
22.9 ± 11.3 
2.92 
36.4 
14.6 
14.7 ± 8.12 
Glass 
28 
>0.0001 
4.52
0.031 
0.273 ± 
0.854 
0.98 
29.6 
4.90 
7.52 ± 7.44 
0.730 
23.3 
3.41 
4.65 ± 4.59 
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M
etal 
33 
>0.0001 
0.20
0.010 
0.023 ± 
0.038 
2.63 
22.2 
6.28 
8.64 ± 5.72 
1.43 
15.1 
3.91 
5.03 ± 3.15 
Building 
m
aterial 
19 
0.004 
1.50 
0.006 
0.109 ± 
0.347 
1.92 
31.7 
4.63 
7.41 ± 8.00 
1.46 
26.9 
2.93 
5.10 ± 6.31 
Fabric 
1 
0.932 
na 
na 
na 
67.3 
na 
na 
na 
65.8 
na 
na 
na 
All debris 
284 
>0.0001
4.52 
0.008 
0.086 ± 
0.328 
0.980 
81.3 
6.46 
11.9 ± 12.6 
0.66 
65.5 
3.57 
6.80 ± 7.55 
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